bacterium is affiliated with the Gram-positive group (Ohno et al., 2000) . Although the 16S rRNA gene sequence-based phylogeny did not show clearly to which class S. thermophilum belongs, complete genome sequencing revealed the overall similarity of S. thermophilum to the Clostridia, despite its high DNA G+C content (68.7 mol%) (Ueda et al., 2004) . Phylogenetic analysis based on ribosomal protein sequences showed that the genus represents a deep lineage affiliated with the class Clostridia (Nishida et al. 2009 ). Currently, the genus Symbiobacterium, containing S. thermophilum (type species) and 'Symbiobacterium toebii', the name of which has not been validly published (Sung et al., 2003) , is tentatively classified into family XVIII incertae sedis of the order Clostridiales within the class Clostridia (De Vos et al., 2009 ).
Our extensive survey, based on detection of the Symbiobacterium-specific 16S rRNA gene sequence, has revealed the potential diversity of this group of bacteria (Ueda et al., 2001) : tryptophanase-positive thermophilic cultures obtained by inoculating various environmental samples, including compost, soil, animal faeces and seashells, frequently generate Symbiobacterium-specific PCR products. On the other hand, detailed taxonomic characterization of these organisms has not yet been performed, mostly owing to difficulties in their isolation. However, we subsequently discovered that efficient isolation and cultivation of members of the genus Symbiobacterium can be carried out using conditioned media (complex media supplied with culture supernatant of G. stearothermophilus strain S) solidified by gellan gum in an anaerobic atmosphere containing CO 2 (Sugihara et al., 2008) . Furthermore, the use of a specific PCR has allowed the effective selection of cultures containing phylogenetically distinctive strains of the genus Symbiobacterium (Sugihara et al., 2008) . In this study, we characterized taxonomically three diverged strains obtained from shellfish.
Strains KY38 T , KY46 T and KA13 T were isolated from oyster shell, a horned turban (Turbo cornutus) and a barnacle (Terraclita japonica), respectively, that were collected on the Pacific coastline of Enoshima, Kanagawa prefecture, Japan. The procedures used for their isolation have been described previously (Sugihara et al., 2008) . Routine cultivation of the isolates was performed using Sym I medium (KY38 T ) or Sym II medium (KY46 T and KA13 T ). Sym I medium contained (per litre distilled water) 10.0 g Bacto tryptone (Difco), 0.5 g yeast extract (Difco), 0.5 g NaCl, 40 mM NH 4 HCO 3 and 20 mM NaNO 3 . Sym II medium was prepared by adding 1.6 g KH 2 PO 4 l 21 to Sym I medium. Usually, culture supernatant of G. stearothermophilus strain S was not added to Sym I/II medium. The media were adjusted to pH 8.0 with NaOH. The strains were successively inoculated into 10 ml Sym I or Sym II medium, prepared in a rubber-topped test tube, containing an anaerobic atmosphere [100 % N 2 or 9 : 1 (v/v) N 2 /CO 2 ] with an inoculum of 5-10 % (v/v) using a needle and syringe. They were then cultured without shaking at 55-60 u C for 3-5 days. The isolates were maintained as glycerol suspensions (10 %, w/v) at 280 u C. Cells were in best condition for approximately 4-6 months, but they could be effectively revived even after a few years of storage when the culture medium was supplied with 50 % (v/v) culture supernatant of G. stearothermophilus strain S ). Unless otherwise stated, Sym I medium (S. thermophilum JCM 14929 T and KY38 T ) or Sym II medium (KY46 T and KA13 T ) was used for studies of taxonomic characterization.
Plates used for colony observation were solidified with 1.0 % (w/v) gellan gum (Phytagel; Sigma) and 1.5 % (w/v) agar (Fluka) or agar noble (Difco), and were incubated at 60 u C for 1 week under an anaerobic atmosphere (85 : 5 : 10 N 2 /H 2 /CO 2 ) with an Anoxomat mark II system (Mart Microbiology). Cell morphology was observed under a BZ-9000 phase-fluorescence microscope (Keyence) and a JEM-1200EX electron microscope (JEOL), using cells grown for 1-14 days at 55 u C. For transmission electron microscopy, cells were fixed with 2.0 % (v/v) glutaraldehyde and 2.0 % (v/v) osmium tetroxide. Samples were embedded in Epoxy resin (Epon 812). Ultrathin sections were prepared using an LKB-8800 ultramicrotome. Specimens were stained with uranyl acetate solution (containing 2.0 % uranyl acetate and lead citrate) and exposed to carbon vapour prior to observation. Motility was investigated in wet mounts under Zeiss Axioskop 2 optical microscope (Carl Zeiss Microimaging) at 3-4 days. Flagella were stained by the method of Toda (1928) . The Gram reaction was performed using Gram-staining solution (B&M Wako; Wako Pure Chemical Industries) at 4 days. The KOH test was performed as described previously (Tindall et al., 2007) .
Cells of strains KY38 T , KY46 T and KA13 T were straight rods, approximately 0.3-0.462.9-14.5 mm. Strain KA13 T was motile and peritrichously flagellated ( Fig. S1a , available in the online Supplementary Material). No active motility of strains KY38 T and KY46 T was detected. Strains KY38 T and KA13 T formed an endospore-like structure in the subterminal region of the cell at very low frequencies ( Fig. S1b, c) , as we observed previously in S. thermophilum (Ueda et al., 2004) . This type of intracellular structure was not observed in strain KY46 T . Cells of all three isolates stained Gramnegative, but were found to be Gram-positive in the KOH test. The cell-wall ultrastructure resembled that of Grampositive bacteria ( Fig. S1d-i) . The isolates exhibited better growth on gellan gum plates than agar plates. Colonies grown on gellan gum plates were whitish-transparent with a flat and thin smooth surface, and were approximately 1.0-2.0 mm in diameter. Colonies of KY38 T and KA13 T were smooth circles, resembling those of S. thermophilum, while colonies of KY46 T were irregular, with curly edges.
Growth was studied at 20, 30, 37, 40, 45, 50, 55, 60, 65, 70 and 75 uC and 0, 0.5, 1, 2, 3, 4 and 5 % (w/v) NaCl. The pH range for growth was assessed in Sym I medium at 0.5 pH unit intervals between pH 5.5 and 10.0, using 100 mM MES (pH 5.0-6.5), HEPES (pH 7.0-8.0), TAPS (pH 8.5-9.0) or CAPS (pH 9.5-10.0). Growth requirements were tested using yeast extract [0.02, 0.2 and 0.5 % (w/v)] and a vitamin solution (Shiratori et al., 2008) . Oxygen tolerance at various oxygen concentrations (0, 1, 2, 4 and 6 %) was studied using gellan gum plates and an Anoxomat cultivation system. Substrate utilization was studied in Sym media, Luria-Bertani (LB) broth [per litre: 10 g Bacto tryptone (Difco), 0.5 g yeast extract (Difco), 0.5 g NaCl, pH 8.0] and M solution (per litre: 4.0 g KH 2 PO 4 , 4.0 g K 2 HPO 4 , 10.0 g NH 4 Cl, 1.0 g MgCl 2 . 6H 2 O, 10 ml mineral solution, 10 ml vitamin solution and 2 mg resazurin, pH 8.0) (Shiratori et al., 2008) (1.0 %, w/v)] were tested using the methods described by Tindall et al. (2007) with the following modifications. DNase activity was studied using DNase agar (Oxoid) with yeast extract (0.5 %, w/v) and NaNO 3 (20 mM); other hydrolysis tests were performed using Sym broth or plates solidified with gellan gum. The enzymic profile of the isolates was determined using an API ZYM test strip (bioMérieux). The API strip was incubated under a humid atmosphere for 4 h at 60 u C. Reactivity was determined according to the manufacturer's instructions. To study production of H 2 S and indole, SIM medium (Blazevic, 1968) was used. Sulfate (20 mM), thiosulfate (20 mM), nitrate (20 mM), nitrite (10 mM) and DMSO (20 mM) were assessed for their activity as terminal electron acceptors. To study the Stickland reaction, M solution was supplied with 0.5 % (w/v) yeast extract, 10 mM alanine or leucine (electron donor) and 20 mM glycine (electron acceptor). The end products of metabolism were analysed by HPLC with an electric conductivity monitor (Shimadzu) after 7 days of cultivation.
Growth of all three isolates occurred at 40-65 u C (optimum, 55-60 u C) and pH 7.0-10.0 (optimum, pH 8.0-8.5). The maximum NaCl concentration was 1 % (KA38 T ), 4 % (KY46 T ) and 2 % (KY13 T ) (w/v). Addition of yeast extract (0.5 %, w/v) was necessary for growth of all three strains. Yeast extract could not be replaced by the vitamin solution (Shiratori et al., 2008) . All three strains formed colonies under both anaerobic and microaerobic conditions (O 2 ,4-6 %), but optimum growth occurred under an anoxic atmosphere. Growth of strains KY38 T and KA13 T was promoted weakly by D-galactose, maltose and melibiose in the presence of nitrate, which served as a terminal electron acceptor, whereas growth of strain KY46 T was not promoted by these sugars. Growth of KY38 T and KA13 T on sugar substrates did not occur when nitrate was not supplied to the medium. This result indicates that the strains do not metabolize these carbohydrates by fermentation.
Utilization of proteinaceous substrates by the three novel strains and S. thermophilum JCM 14929 T was studied. All three isolates and S. thermophilum JCM 14929 T utilized trypticase peptone, but not phytone peptone, irrespective of the supply of nitrate. Strain KA13 T and S. thermophilum JCM 14929 T showed good growth on peptone E thiotone, whereas strains KY38 T and KY46 T did not. Casamino acids and NZ amine stimulated growth of S. thermophilum JCM 14929 T slightly, but they were not utilized by the other isolates. Growth of all three isolates and S. thermophilum JCM 14929 T was not promoted by any of the organic acids tested.
All three isolates were positive for oxidase, catalase, alkaline phosphatase, acid phosphatase and indole production and negative for H 2 S production, gelatin liquefaction and activities of lecithinase and lipase. Strain KA13 T hydrolysed starch, whereas the other isolates did not. All strains were negative with regard to hydrolysis of casein, DNA, chitin, tyrosine, cellulose and aesculin. Supply of possible electron acceptors (NaNO 3 and DMSO) in the presence of tryptone and yeast extract enhanced growth of all three isolates, whereas sulfate, thiosulfate and nitrite did not promote growth of any strain. Stickland mixtures did not promote the growth of any strain. All isolates exhibited the same acetate production level irrespective of the presence of alanine or leucine (electron donors) or glycine (electron acceptor), indicating that the three novel strains are incapable of performing Stickland reactions. The main end products derived from tryptone and yeast extract in the presence of nitrate were acetic acid and succinic acid (S. thermophilum JCM 14929 T and strains KY38 T and KY13 T ) or isovaleric acid (strain KY46 T ). Other physiological and biochemical characteristics of the isolates are summarized in Tables 1 and S1 and the species descriptions.
Biochemical characterization of the isolates, including determination of the DNA G+C content, was carried out using cells cultured in Sym media at 55 u C for 4 or 5 days under an anaerobic atmosphere using a Concept 400 (Ruskin). DNA was extracted by phenol/chloroform extraction followed by polyethylene glycol precipitation, according to the method described by Hopwood et al. (1985) . The DNA G+C content was determined by HPLC (Tamaoka & Komagata, 1984) . Fatty acid methyl esters were extracted and analysed according to the standard protocol of the Sherlock Microbial Identification System (version 5.0; MIDI). Menaquinones were determined according to the procedures described by Nishijima et al. (1997) . Polar lipid extraction and identification were performed according to Komagata & Suzuki (1987) , with some modifications as follows: all lipids were visualized using 5 % molybdophosphoric acid dissolved in ethanol, and sugar-and choline-containing lipids were detected using p-anisaldehyde reagent and Dragendorff reagent, respectively. The dried lipid fraction was dissolved in chloroform/methanol (2 : 1, v/v) and subjected to HPTLC (Merck silica gel 60, 10610 cm). Solvent systems used for two-dimensional development were chloroform/methanol/ water (65 : 25 : 4 by vol.) in the first dimension and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4 by vol.) in the second dimension. The spots were identified using a phospholipid kit (Funakoshi) as a standard.
The major fatty acids of all isolates were iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 , accounting for 77.8 % (KY38 T ), 64.5 % (KY46 T ) and 59.6 % (KA13 T ) of the total fatty acids (Table 2) . These fatty acids were also present in S. thermophilum JCM 14929 T at a high proportion (Table  2) . However, the isolates differed from each other with regard to their fatty acid profiles: anteiso-C 17 : 1 v9c, iso-C 18 : 0 , iso-C 19 : 0 and anteiso-C 19 : 0 (KY38 T ), C 16 : 1 v9c (KY46 T ) and iso-C 11 : 0 , iso-C 13 : 0 , iso-C 15 : 0 3-OH and summed feature 5 (one or more of anteiso-C 18 : 0 , C 18 : 2 v6 and C 18 : 2 v9c) (KA13 T ) were differentially present, and C 15 : 0 (KY38 T ), C 17 : 0 and C 18 : 1 v7c (KY46 T ) were absent from individual strains. The predominant menaquinone of the isolates was MK-6. The genomic DNA G+C content was 68.8 (KY38 T ), 67.2 (KY46 T ) and 67.1 (KA13 T ) mol% Rhee et al., 2002; Sung et al., 2003) . Data for S. thermophilum JCM 14929 T were taken from Ohno et al. (2000) and except that motility, NaCl range for growth, utilization of sugars, end products of metabolism and DNA G+C content were examined in this study. All strains were positive for nitrate reduction, alkaline phosphatase and acid phosphatase. All strains were Gram-stain-reaction negative and Gram-type positive. +, Positive; 2, negative; W, weakly positive; ND, no data available.
Characteristic 1 2 3 4 5
Isolation source Oyster shell Horned turban shell DThe DNA G+C content of S. thermophilum JCM 14929 T was originally reported as 65.1 mol% by the using the thermal denaturation method (Ohno et al., 2000) , but genome sequencing showed it to be 68.7 mol% [mean of three measurements (SD ¡0.6)]. This quinone profile and the genomic DNA G+C content support the affiliation of the novel strains to the genus Symbiobacterium ). Polar lipid analysis (Fig. S2 ) demonstrated that the isolates contained phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, two unknown phospholipids (corresponding to P1 and P3 in Fig. S2 ) and two (L1 and L3; KY38 T and KY46 T ) or four (L1-L4; KA13 T ) unknown lipids. P3 stained purple when it reacted with periodate-Schiff reagent, indicating that the component contains a 1,2-glycol group. A candidate for such a phospholipid is phosphatidylglycerol, but P3 was distinct from authentic phosphatidylglycerol in the TLC profile. Phosphatidylcholine and glycolipids were not detected in any strain. The polar lipid pattern of the isolates was similar to that of S. thermophilum JCM 14929 T (Fig.  S2 ), but the predominant polar lipids of strains KY38 T , KY46 T and KA13 T differed from those of S. thermophilum JCM 14929 T in the smaller proportion of phosphatidylethanolamine, the larger proportion of P3 (KA13 T ) and the lack of P2 (all isolates) and L4 (KY38 T and KY46 T ).
The nearly complete 16S rRNA gene sequences of the isolates were amplified by PCR with primers B8F/B1492R (Shiratori et al., 2008) and sequenced by an ABI 3130 Genetic Analyzer (Applied Biosystems) according to the manufacturer's protocol. The 16S rRNA gene sequences of KY38 T (1487 bp), KY46 T (1488 bp) and KA13 T (1454 bp) were compared with those from the GenBank/EMBL/DDBJ nucleotide sequence database (http://www.ncbi.nlm.nih. gov/BLAST/). The sequences were analysed using CLUSTAL W (Thompson et al., 1994) and MEGA 5 (Tamura et al., 2011) . Phylogenetic trees were reconstructed by the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981 ) methods. The distance matrix was calculated by Kimura's two-parameter model (Kimura, 1983) .
Phylogenetic analysis using 16S rRNA gene sequences revealed that strains KY38 T , KY46 T and KA13 T are members of the genus Symbiobacterium, belonging to the order Clostridiales (Fig. 1) . The sequence identities of strains KY38 T , KY46 T and KA13 T to S. thermophilum JCM 14929 T are 97.8, 96.4 and 93.3 %, respectively. These identity scores, as well as those between the isolates (¡96 %) and between each isolate and 'S. toebii' SC-1 (,96.6 %), are below 98.7-99 %, as recommended for the delimitation of species (Stackebrandt & Ebers, 2006 ). On the basis of the physiological, chemotaxonomic and phylogenetic data, strains KY38 T , KY46 T and KA13 T represent novel species, for which the names Symbiobacterium ostreiconchae sp. nov., Symbiobacterium turbinis sp. nov. and Symbiobacterium terraclitae sp. nov. are proposed. The description of these species necessitates an emended description of the genus Symbiobacterium.
The 16S rRNA gene sequences of the novel strains were related to those of the uncultured clones KW19 and KW186, obtained previously from the seaweeds Meristotheca papulosa and Ulva conglobata, respectively (Sugihara et al., 2008) , with sequence identities of 90-93 %. The phylogenetic tree (Fig. 1) demonstrates that the members of the genus Symbiobacterium as well as the uncultured clones constitute a distinct cluster belonging to the order Clostridiales. However, the branch is not included in any existing family of the Clostridiales. The topologies of the phylogenetic trees reconstructed using the maximum-parsimony and maximum-likelihood algorithms were similar to that of *Summed features comprise groups of two or three fatty acids that could not be separated by using the MIDI System. Summed feature 3 contained iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; summed feature 5 contained one or more of anteiso-C 18 : 0 , C 18 : 2 v6 and C 18 : 2 v9c.
Three novel species of Symbiobacterium the tree reconstructed by the neighbour-joining method (Fig. 1) .
The members of the genus Symbiobacterium are only distantly related to Sulfobacillus thermosulfidooxidans (type species of the genus Sulfobacillus), Thermaerobacter marianensis (type species of the genus Thermaerobacter) and 'Caldinitratiruptor microaerophilus' (Fig. 1) . The members of the genus Sulfobacillus are facultatively anaerobic acidophiles, distinct from species of the genus Symbiobacterium in their quinone type (MK-7), DNA G+C content (47-57 mol%) and capacity for anaerobic growth with ferric iron, elemental sulfur and sulfide minerals as electron acceptors. The members of the genus Thermaerobacter differ from members of the genus Symbiobacterium in that the former are strict aerobes and extremely thermophilic (optimum, 70-75 u C). Another related taxon, 'C. microaerophilus', was recently proposed based on the isolation of a unique microaerophilic thermophile (Fardeau et al., 2010) . 'C. microaerophilus' differs from members of the genus Symbiobacterium in its substrate availability and cell morphology.
Currently, the phylogenetically distinct but ambiguous genera within the order Clostridiales are grouped into nine families incertae sedis (XI-XIX) (Ludwig et al., 2009) Fig. 1 . Neighbour-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship of strains KY38 T , KY46 T and KA13 T with representatives from related taxa in the order Clostridiales. Bootstrap values (expressed as percentages of 1000 resampled datasets) .50 % are shown. Open and filled circles respectively indicate nodes supported in the maximumparsimony and maximum-likelihood trees. DSM 10 T and Geobacillus stearothermophilus ATCC 12908 T were used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
of related organisms also supports the view that it should be distinguished by classifying it into a novel family. Hence, we propose to create the novel family Symbiobacteriaceae fam. nov. to accommodate the genus Symbiobacterium, within the order Clostridiales of the phylum Firmicutes.
Emended description of the genus Symbiobacterium Ohno et al. 2000 The description is as given by Ohno et al. (2000) with the following amendments. Some species are motile with peritrichous flagella, and they occasionally form endosporelike structures. They can be Gram-negative, yet contain a Gram-positive cell-wall structure. The major cellular fatty acids are iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 . Moderately anaerobic. The phospholipids detected are phosphatidylglycerol, phosphatidylethanolamine and unknown phospholipids containing a 1,2-glycol group. The DNA G+C content is 68-69 mol%.
Description of Symbiobacterium ostreiconchae sp. nov.
Symbiobacterium ostreiconchae (os.tre9i.con9chae. L. fem. n. ostrea oyster; L. fem. n. concha a shell; N.L. fem. gen. n. ostreiconchae of an oyster shell).
Displays the following properties in addition to those given in the emended genus description. Moderately anaerobic, thermophilic and chemo-organotrophic. Cells are straight rods (0.3-0.463.3-7.1 mm) and Gram-type positive, but show a negative Gram-staining reaction. Non-motile, with endospore-like structures formed only rarely in the terminal or subterminal regions of cells. Colonies (1.0-2.0 mm in diameter) are thin and transparent-white, with a circular edge and smooth centre. The growth temperature range is 50-65 u C, with optimum growth at 55 u C. The growth pH range is 7.5-9.5, with optimum growth at pH 8.0. The NaCl concentration range for growth is 0-1.0 % (w/v), with optimum growth at 0.5 % (w/v) NaCl. Yeast extract is necessary for growth. Colony formation is observed under a microaerobic atmosphere (O 2 ¡4 %), and optimum growth occurs in the absence of oxygen. D-Arabinose, D-galactose, maltose, sucrose, lactose, Dmelibiose and myo-inositol support growth weakly in the presence of nitrate as a terminal electron acceptor. None of these sugars are metabolized by fermentation. Trypticase peptone is utilized irrespective of the presence of nitrate. Growth is not observed with the following substrates: D-glucose, L-rhamnose, raffinose, glycerol, D-mannitol, peptone E thiotone, Casamino acids, NZ amine, phytone peptone, formate, acetate, lactate and pyruvate. Positive for catalase and oxidase activities, but negative for lecithinase and lipase activities. Hydrolysis of casein, starch, DNA, chitin, tyrosine, cellulose, aesculin and gelatin is negative. Indole is produced and hydrogen sulfide is not formed in SIM medium. Nitrate and DMSO serve as electron acceptors, whereas sulfate, thiosulfate, nitrite and oxygen do not. The Stickland reaction is negative. Positive for alkaline phosphatase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase (API ZYM). The main end products derived from tryptone and yeast extract in the presence of nitrate are acetate, succinate and isovalerate; propionate and isobutyrate are also produced as minor components. The major isoprenoid quinone is MK-6.
The type strain is KY38 T (5DSM 27624 T 5KCTC 4567 T 5 JCM 15048 T ), isolated from an oyster shell collected on the Pacific coastline in Enoshima, Kanagawa prefecture, Japan. The genomic DNA G+C content of the type strain is 68.8 mol%.
Description of Symbiobacterium turbinis sp. nov.
Symbiobacterium turbinis (tur.bi9nis. N.L. gen. n. turbinis of Turbo, a zoological genus name, referring to the isolation of the type strain from the turban shell species Turbo cornutus).
Displays the following properties in addition to those given in the emended genus description. Moderately anaerobic, thermophilic and chemo-organotrophic. Cells are straight rods (0.3-0.465.2-14.5 mm). Gram-type positive, but the Gram-staining reaction is negative. Non-motile, and spores are not formed. Colonies (approx. 1.0 mm in diameter) are thin and transparent-white, with an undulated edge and rough centre. The growth temperature range is 55-65 u C, with optimum growth at 60 u C. The growth pH range is 7.5-9.0, with optimum growth at pH 8.0. The NaCl concentration range for growth is 0-4.0 % (w/v), with optimum growth at 3.0 % (w/v) NaCl. Yeast extract is necessary for growth. Colony formation is observed under a microaerobic atmosphere (O 2 ¡4 %), and optimum growth occurs in the absence of oxygen. D-Arabinose and L-rhamnose promote growth weakly in the presence of nitrate as a terminal electron acceptor. Neither of these sugars is metabolized by fermentation. Trypticase peptone is utilized irrespective of the presence of nitrate. Growth is not observed with the following substrates: D-glucose, L-rhamnose, raffinose, glycerol, D-mannitol, peptone E thiotone, Casamino acids, NZ amine, phytone peptone, formate, acetate, lactate and pyruvate. Positive for catalase and oxidase activities, but negative for lecithinase and lipase activities. Hydrolysis of casein, starch, DNA, chitin, tyrosine, cellulose, aesculin and gelatin is negative. Indole is produced and hydrogen sulfide is not formed in SIM medium. Nitrate and DMSO serve as electron acceptors, whereas sulfate, thiosulfate, nitrite and oxygen do not. The Stickland reaction is negative. Cells are positive for alkaline phosphatase, acid phosphatase and N-acetyl-bglucosaminidase; weakly positive for esterase (C4) and naphthol-AS-BI-phosphohydrolase; and negative for esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase (API ZYM). The main end products derived from tryptone and yeast extract in the presence of nitrate are acetate and isovalerate; propionate, succinate and isobutyrate are also produced as minor components. The major isoprenoid quinone is MK-6.
The type strain is KY46 T (5DSM 27625 T 5KCTC 4568 T 5 JCM 15996 T ), isolated from a horned turban shell (Turbo cornutus) collected on the Pacific coastline in Enoshima, Kanagawa prefecture, Japan. The genomic DNA G+C content of the type strain is 67.2 mol%.
Description of Symbiobacterium terraclitae sp. nov.
Symbiobacterium terraclitae (ter.ra.cli9tae. N.L. gen. n. terraclitae of Terraclita, a zoological genus name, referring to the isolation of the type strain from the barnacle species Terraclita japonica).
Displays the following properties in addition to those given in the emended genus description. Moderately anaerobic, thermophilic and chemo-organotrophic. Cells are straight rods (0.3-0.462.9-11.7 mm). Gram-type positive, but shows negative Gram staining. Motile by means of peritrichous flagella, and endospore-like structures are formed only rarely in the terminal or subterminal regions of cells. Colonies (¡1.0 mm in diameter) are thin and transparent-white, with a circular edge and smooth centre. The growth temperature range is 40-60 u C, with optimum growth at 55 u C. The growth pH range is 7.5-10.0, with optimum growth at pH 8.5. The NaCl concentration range for growth is 0-2.0 % (w/v), with optimum growth in the absence of NaCl. Yeast extract is necessary for growth. Colony formation is observed under a microaerobic atmosphere (O 2 ¡6 %), and optimum growth occurs in the absence of oxygen. D-Glucose, D-arabinose, D-galactose, maltose, melibiose and raffinose promote growth weakly in the presence of nitrate as a terminal electron acceptor. None of these sugars are metabolized by fermentation. Trypticase peptone and peptone E thiotone are utilized irrespective of the presence of nitrate. Growth is not observed with the following substrates: D-glucose, L-rhamnose, D-raffinose, glycerol, D-mannitol, Casamino acids, NZ amine, phytone peptone, formate, acetate, lactate and pyruvate. Positive for catalase and oxidase activities, but negative for lecithinase and lipase activities. Hydrolysis is positive for starch, but negative for casein, DNA, chitin, tyrosine, cellulose, aesculin and gelatin. Indole is produced and hydrogen sulfide is not formed in SIM medium. Nitrate and DMSO serve as electron acceptors, whereas sulfate, thiosulfate, nitrite and oxygen do not. The Stickland reaction is negative. Positive for alkaline phosphatase, esterase (C4), acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase; weakly positive for b-glucosidase; and negative for esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, a-glucosidase, a-mannosidase and a-fucosidase (API ZYM). The main end products from tryptone and yeast extract in the presence of nitrate are acetate and succinate; formate and propionate are also produced as minor components. The major isoprenoid quinone is MK-6.
The type strain is KA13 T (5DSM 27138 T 5KCTC 4569 T 5 JCM 15997 T ), isolated from a barnacle (Terraclita japonica) collected on the Pacific coastline in Enoshima, Kanagawa prefecture, Japan. The genomic DNA G+C content of the type strain is 67.1 mol%.
Description of Symbiobacteriaceae fam. nov.
Symbiobacteriaceae (Sym.bi9o.bac.te.ri.a9ce.ae. N.L. neut. n. Symbiobacterium type genus of the family; suff. -aceae ending to denote a family; N.L. fem. pl. n. Symbiobacteriaceae the Symbiobacterium family).
Form endospore-like structures and show Gram-type positive, rod-shaped cells and are moderately anaerobic, thermophilic and chemo-organotrophic. Organisms can be motile or non-motile. Nitrate serves as an electron acceptor. The DNA G+C content is 67-69 mol%. The major isoprenoid quinone is MK-6. The major cellular fatty acids are iso-C 17 : 0 , iso-C 15 : 0 and C 16 : 0 . The predominant polar lipids are phosphatidylglycerol, phosphatidylethanolamine and unknown phospholipids containing a 1,2-glycol group. The family belongs to the order Clostridiales within the class Clostridia of the phylum Firmicutes. The type genus is Symbiobacterium.
